Correlational latent heat by nonlocal kinetic theory
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‘Energy conversion: latent heatI ‘Thermodynamic quantitiesl

‘ Ludwig Boltzmannl
There appear an internal energy- 7., = fdPAE and momentum—gain Maxwellian distributions with temperature 1" and densities of species n,,
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From nonlocal kinetic equation

correlated density n™%(z) = iy 7;h§/2x2§’( ) =21 nyal, +o(T?)

dk 0 d
/ > =€k (;;k = dngggpAt + /dPAE second virial coefficient for hard spheres for low-temperature limit,
(2m) and I1}%°(z) = 0;;Tn" (x)

energy gain combines together with drift term into time derivative o 5 |
quasiparticle energy E®(x) = 5T (ng +np) + 4Tn"%(x)

dk af 75 HE P three translational degrees of freedom and 8 for correlated molecules
o) 3°9¢ Lonin = ot (2x3 translational and 2 rotational, classical dumbbell)
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in high and low temperature limit brings an additional degree of freedom
(two-particle dumbbell state gains an additional third fictitious particle by

Dies ist die Fandamentalgleichung ftir die Veriinderang correlatlon)
Funetion ['(2, £). Ich bemerke nochmal, dass die Wwrzeln 9 f momentum- and energy gains
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Landau theory works only if collisions [ treated instant and local

e By energy gain Ay = %—(f transformation of kinetic energy into correlation
energy, Similar to breathing hard-sphere by Pauli-blocking

Non-local corrections necessary since virial corrections are missing From kinetic equation a";’“ — I, follows: external power feed due to time-dependent potential V() = Zq ()
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(Enskog, Bogoliubov, Green, Ernst, Thirring..) _ leads to extra feed to the energy balance
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; - OEP - o1
dn [ dk Of _ [ dk ; _, A€ _ [ dk 0E0f _ [ dk _- B Nl Gy
dt / (2r)3 ot / (23~ dat / 2r)3of, 0t / (2m)3 T ot ot

Consistent nonlocal kinetic equation

Nonlocal kinetic theory
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_ _ Instant approximation, last term can be rewritten Ap = — e energy and entropy gain 775"
with T-matrix

e latent heat is T x entropy difference during a phase transition

1 dk 5 OFf dk . Of — analogously formation of short-living molecules
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5 5—]‘25 = 27r)3€ ot — energy gain is the rate of latent heat
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and shifts with rearrangement energy

B ((% O 8¢) follows variational expression of Landau theory ¢, = ¢, + ekA energy gain/external power=
€1+€9

At op Oq Ok Landau theory mimes for energy gain, but no correlated density ! ratio of latent heat to

interaction strength (time-
Ap - independent)
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Internal energy- and momentum gain I%am = [dPAg [[g?m = fdP&K

® sign change at 7y ~ 1.8184 or ay./\ = 0.7254 independent of interaction
e scattering length x T smaller, I3 /wp = —1 + 32* + o(x),
correlational cooling
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Noneqmllbrlum thermodynamlcs from balance / ; 3€6f ]gajm — e at high temperatures gain approaches half of external power,
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together with drift exactly into derivative
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_ (27)0 e unifies Landau quasiparticle theory with Enskog theory of dense gases
Two-particle correlated parts _ _

_ _ o e particle-hole vs space-time symmetry completed

instead of Landau functional (limit of A — 0)

e explicit calculation of Wigner function not necessary, correlated ob-
servables directly from nonlocal kinetic equation
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QM = fd77 Tp AV fdP k2 Ay only remaining explicit gain is entropy gain Ig

Z?ol _ %/dP {ijSi 4 pi(Ag — Do)+ q;(Ag — Agi)} o Irlternal conversion b.etween. correlati.on a.nd kinetic energy-momentum
e time-dependent Pauli-blocking like vibrating hard spheres

e same computational expense as solving Boltzmann equation

e balance equation complete with quasiparticle and molecular parts,
thermodynamically consistent equation of state

Conservation laws e entropy balance H-theorem, explicit two-particle correlated entropy

ap . ..mol ap . <mol _ _ _ _ e thermodynamic observables functions of nonequilibrium distribution
O™ + n"") n o™ +7") ‘Model of point-like mteractlonl | o | -
ot Or 2. Model of Maxwellian particle with contact interaction:
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or; e cold atoms with time-dependent magnetic field near Feshbach resonance Interaction

L e universal critical ratio of scattering length to DeBroglie wavelength

ot or e correlation cooling and heating

* dilute gas the medium effect caused by Pauli blocking negligible 3. Successfully applied to: heavy lon collisions, deep neutral impurities,

Probability to form a molecule per time dP> = diz|tucl” f1fo(1 = f5 = fu) 02 | Bernoulli potential at superconducting surfaces
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